The pathogenicity of A. alternata, F. culmorum, F. oxysporum, F. solani, P. irregulare, and R. solani isolated from oats, spring vetch, and tancy phacelia mulch soil to Scorzonera hispanica L. in the conditions of a growth chamber was studied. The pathogenicity of these microorganisms was established on the basis of the number of emerged plants and their healthiness. The studied species
against pathogens in order to obtain a high quality yield. The purpose of the present studies was to determine the harmfulness of different species of microorganisms colonizing the soil environment of the cultivation of Scorzonera hispanica L. on the basis of pathogenicity tests.
MATERIAL AND METHODS
The object of the studies were the seedlings scorzonera of 'Duplex' cultivar and soil-borne microorganisms such as Alternaria alternata, Fusarium culmorum, F. oxysporum, F. solani, Pythium irregulare, and Rhizoctonia solani. The enumerated species were obtained from the microbiological analysis of the soil (Martyniuk et al. 1991) taken from the plough layer of the field where scorzonera was cultivated in the years 2006 -2007 . The field experiment considered mulching the soil with inter-crop cover crops such as oat (Avena sativa L.), spring vetch (Vicia sativa L.) and phacelia (Phacelia tanacetifolia B.) managed in two ways: 1) pre-winter plough, or 2) spring plough. A traditional cultivation of scorzonera, i.e. without cover crops, was the control (Table 1) .
Twelve randomly selected isolates of each species, given the numbers from 1 to 12, were considered in the studies on the pathogenicity of enumerated microorganisms ( Table 2 ). The experiment was conducted in the conditions of growth chamber, where the temperature of the day, which lasted 16 hours, was 22-24°C (with irradiance of 27 μmol m -2 s -1 ) and the temperature at night was 18-20°C. The relative humidity of the air ranged from 70 to 85% (Pięta and Kęsik 2007). The superficially disinfected scorzonera seeds were sown into pots filled with compost earth and overgrowth mycelium of an individual isolate of the studied microorganisms. One hundred seeds per pot were considered for each microorganisms isolate and for the control. Each experimental combination included 4 pots (four repetitions). The infection mixture of the microorganisms used in the experiment was prepared according to the method by Noll, described by Łacicowa (1969) and Patkowska (2005) . To this aim, the compost earth with a 5% addition of barley grain was placed in Erlenmayer flasks of 3000 cm 3 volume. The flasks with the mixture were sterilized three times for 2 hours in an autoclave under the pressure of one atmosphere and at the temperature of 121°C. After sterilization, the earth in the flasks was inoculated with 14-day-old cultures of the above mentioned microorganisms, growing on PDA medium, considering 1 flask for each isolate. Next, the flasks with inoculum were kept at the temperature of 23°C for three weeks so that the microorganism would overgrow the earth, which could be confirmed macroscopically. The control were scorzonera seedlings grown from the seeds sown into sterile soil. Four weeks after the experiment was set, the number of grown seedlings was established, and after they were taken out from the soil, their healthiness was determined accepting a five-degree scale of infection (Pięta and Kęsik 2007), i.e. 0° -no disease symptoms, 1° -necrosis up to 10% of the root surface, 2° -necrosis up to 25% of the root surface, 3° -necrosis up to 50% of the root surface, and 4° -necrosis over 50% of the root surface. The degrees of infection served to calculate the index of plants' infection by the studied microorganisms isolates according to the formula by McKinney given by Łacicowa (1969):
∑ a Disease index = × 100 b ∑ a -the sum of products of numerical scale index (infection degree) and corresponding number of plants, b -total number of tested plants multiplied by the highest numerical scale index.
Next, the plant material was submitted to mycological analysis according to Koch's postulates.
The obtained results were statistically analyzed, and the significance of differences was established on the basis of Tukey's confidence intervals.
RESULTS AND DISCUSSION
The microbiological analysis of the soil taken from the plough layer of particular experimental combinations provided different populations of microorganisms the isolates of which were used in phytotron studies (Table 1) . Among the examined species, Fusarium oxysporum was most frequently isolated, and its proportion was 41.9%. Alternaria alternata and Fusarium culmorum were also often isolated (totally 21.8% and 15.2% respectively). These fungi are of polyphagous character and, living in the soil, they constitute a big threat to a number of species of root vegetables, including scorzonera (Tylkowska and Van der Bulk 2001 , Bralewski et al. 2004 , Mazur et al. 2004 . Most isolates of the studied microorganisms were obtained from traditionally cultivated soil (control) and after ploughing in the mulch of phacelia plants. The smallest number of isolates was obtained after mulching the soil with oat (Table 1) .
The results obtained in phytotron studies indicated varying harmfulness of particular isolates of the studied species towards the seedlings of scorzonera (Fig. 1 ). This harmfulness was established on the basis of the number of emerged plants and their healthiness (Tables 2, 3, 4). 289 (100) *1 -oats mulch + spring ploughing, 2 -oats mulch + pre-winter ploughing, 3 -spring vetch mulch + spring ploughing, 4 -spring vetch mulch + pre-winter ploughing, 5 -tancy phacelia mulch + spring ploughing, 6 -tancy phacelia mulch + pre-winter ploughing, 7 -conventional cultivation In the control combination healthy seedlings were obtained from all scorzonera seeds. The mean number of the grown seedlings, depending on the species of pathogen present in the soil, ranged from 60.6 to 89.2 (Table 2 ). The smallest number of scorzonera seedlings grew in the experimental combinations where the soil overgrown with P. irregulare was used (60.6 seedlings, on average) or F. oxysporum (mean 63.3 seedlings). The best emergencies were obtained in the combination with A. alternata and F. solani, mean 89.2 and 88.1 seedlings (Table 2 ).
According to Loerakker (1984) , fungi from genus Alternaria, especially the species Alternaria scorzonerae, may, however, threaten the field cultivation of scorzonera. The harmfulness of Alternaria dauci towards root vegetables, mainly carrot, was also observed in the studies by Santos et al. (2000) and Ben-Noon et al. (2001) .
However, differentiated harmfulness of particular isolates within a given species was observed. Between 74.5 and 96.0 seedlings grew in the combination with A. alternata, between 72.0 and 94.5 seedlings from the combination with F. culmorum, 82.0 to 95.0 from the combination with F. solani, and between 69.5 and 90.0 scorzonera seedlings grew in the combination with R. solani. The poorest emergencies were found out after sowing the scorzonera seeds into an infection mixture with P. irregulare (from 56.0 to 67.0 seedlings) or F. oxysporum (from 57.5 to 72.0 seedlings, depending on the isolate present in the soil) ( Table 2) . Reports from literature point to P. irregulare, R. solani, F. culmorum, F. solani and F. oxysporum as the causal agents for the worse emergencies of a lot of cultivated plants, for example as a result of infection of the underground parts. Pięta and Kęsik (2007) , among the other authors, inform about the harmfulness of these species towards the seeds and the seedlings of onion. Patkowska (2005), on the other hand, found out considerable pathogenicity of the enumerated soil-borne fungi towards soybean seedlings.
Seedlings of inhibited growth, with the symptoms of necrosis on the roots, occurred in each experimental combination (Fig. 2) . The greatest number of infected scorzonera seedlings was obtained in the soil with different isolates of P. irregulare (mean 29.2 diseased seedlings) or F. oxysporum (mean 28.9 diseased seedlings) ( Table 3 ). The sprouting seeds and the roots of scorzonera were infected by A. alternata and F. solani in the smallest degree since the mean number of 7.7 and 9.1 diseased seedlings occurred in those experimental combinations. The number of seedlings with necrotic symptoms caused by particular species was also related to the studied isolates within a given species (Table 3) . As reported by Nawrocki (2005) , fungi from genera Fusarium (mainly F. oxysporum and F. avenaceum) as well as Alternaria (A. alternata and A. radicina) colonized the seeds in great numbers and caused the necrosis of sprouts and seedlings of different cultivars of parsley root. Similar results were obtained by Nowicki (1997) , who found out that fungi from genera Alternaria and Fusarium could be the cause of parsley seedlings roots necrosis.
The mean value of the disease index of scorzonera seedlings, calculated on the basis of a five-degree scale, ranged in particular experimental combinations from 7.4 to 26.5 (Table 4 ). The highest mean values of the disease index were observed in the same experimental combinations as in the case of the highest number of infected seedlings, i.e. with the isolates of P. irregulare (26.5) or F. oxysporum (22.9) present in the soil. The lowest value of the disease index was characteristic for scorzonera seedlings grown in soil with A. alternata. The value of the disease index of scorzonera seedlings by this species of fungus ranged from 3.0 to 15.0, depending on the isolate present in the soil. Slightly bigger and similar to each other values of the disease index were obtained in the combinations with different isolates of F. culmorum and F. solani (from 7.6 to 19.0 and from 5.9 to 18.0, respectively). On the other hand, the highest value of the disease index was calculated for the seedlings infected by F. oxysporum or P. irregulare (from 11.2 to 32.0 and from 18.0 to 38.4 respectively, depending on the isolates of pathogens present in the soil) ( Table 4 ). Numerous authors report the threat from the soilborne pathogens towards different species of root vegetables. Considerable pathogenicity of F. oxysporum, P. irregulare and R. solani towards parsley seedlings was found out, among the other authors, by Nawrocki (2005) , on the basis of field and glasshouse studies. On the other hand, Tylkowska and Van der Bulk (2001) drew attention in their studies to considerable harmfulness of A. radicina as the cause of infection of carrot seedlings. Apart from that, another species, A. dauci can pose a serious threat in the period of seed sprouting and emergencies of carrot, parsley and celery, causing a typical infection of the seedlings (Mazur et al. 2004) . It can also infect the roots and the leaves of older plants. Scorzonera seedlings grown in the present phytotron experiment exhibited inhibited growth and clear necrotic spots on the roots. Microorganisms reisolation from the infected seedlings according to Koch's postulates confirmed colonization of those plants by A. alternata, F. culmorum, F. oxysporum, F. solani, P. irregulare, R. solani with the morphological features identical to the isolates used for inoculation.
The obtained results make it possible to consider the studied microorganism species, particularly P. irregulare and F. oxysporum pathogenic towards scorzonera seedlings. Positive results of pathogenicity tests and isolation of their from the infected plant material confirm this finding.
CONCLUSIONS -
The studied microorganisms species (A. alternata, F. culmorum, F. oxysporum, F. solani, P. irregulare, R. solani) 
